Background: The objective of this study was to evaluate the diet composition, body fat content, and physical activity (PA), considering blood lipid levels and insulin resistance markers, in elderly women who were well educated in nutrition and healthy lifestyle choices. Methods: A total of 106 postmenopausal women took part in the study. The study group included 62 students from the University of the Third Age (U3A); the control group (CG) included 44 females from the Silesia region. We evaluated their daily macro and micronutrient intake, levels of PA, percent of body fat (PBF), and the visceral fatty area (VFA). We also evaluated the lipid profile, insulin and glucose levels, homeostatic model assessment of insulin resistance (HOMA-IR ), and C-reactive protein (CRP) levels. Results: Significant differences were observed in carbohydrate, protein, fiber, as well as vitamins and minerals consumption between the U3A group and the CG. There were no differences in the PBF and VFA between the groups. Furthermore, no differences were shown in the measured blood variables. The U3A group walked more than 11,000 steps a day and performed 46.15 min/day of PA with a moderate intensity of 3-6 metabolic equivalents of task (METs, min/week). Conclusions: Despite the fact that the U3A group were physically active females, well educated on healthy, balanced diets and had the motivation to learn about proper nutritional behaviors, they did not follow these recommendations in everyday life. nutrition in order for them to understand how a healthy, balanced diet influences general health and aging [8] .
Introduction
Older adults are the most rapidly growing age group in Western countries [1] [2] [3] . Unfortunately, most of them suffer from chronic diseases and changes in their lean body mass and fat mass [4, 5] , which are often due to incorrect dietary habits. The lack of adequate quality and quantity of nutrients, even of a macronutrient like fat, contributes to negative changes in their body composition [1] . Excess carbohydrate and fat consumption, in particular, promotes the development of obesity and diabetes [6] .
Aging is accompanied by a variety of physiological, psychological, economic, and social changes that may adversely affect nutritional status [4, 7, 8] . The consumption of a Western-style diet, rich in fats and sugar, in the elderly population enhances the risk of obesity, diabetes mellitus, atherosclerosis, and other diseases [1, 2, 4, 9, 10] . Therefore, it becomes crucial to educate the elderly about proper
Material and Methods

Study Sample
A total of 106 postmenopausal women volunteered to participate in the study. The anthropometric characteristics of the subjects are given in Table 1 . The study group included 62 female students from the University of the Third Age (U3A), located in the upper Silesia region of Poland. The control group (CG) included 44 females with no education in the area of nutrition; they were residents of the Silesia region. In the U3A group (n = 62), 52 women were married, 5 were divorced, 2 were single, and 2 were widows. In the CG (n = 44), 39 were married, 4 were divorced, and 1 was single. In the U3A group, 42% had higher education, 32% had secondary education, and 26% had vocational education. In the CG, 45% had higher education, 37% had secondary education, and 18 had vocational education. The inclusion criteria for the study group were as follows: low levels of PA before the study, no chronic diseases, and no intake of medications that may affect the serum lipid profile or the glucose level. Subjects were informed of the purpose and possible risks of the investigation. Written informed consent was obtained from all participants. The study protocol was approved by the local Ethics Committee at the Academy of Physical Education in Katowice, Poland (ethic references KB-03/2017).
Diet Analysis
Participants were asked to prepare a 1 week (five week days and two weekend days) dietary record to assess their habitual daily energy and nutrient consumption. To prepare the dietary record, they were asked to weigh all consumed products and record the volume of fluids they drank during the day [29] . While preparing a meal, subjects used kitchen scales to precisely measure the amount of each product consumed. To determine the dietary nutritional composition, the National Food and Nutrition Institute database-Dieta 5D (National Food and Nutrition Institute, Poland) was used.
PA Measurement
The PA level was assessed based on the number of steps taken per day, using 10,000 steps/day as a criterion to classify individuals as "active" [26] . The PA level was also assessed by considering the minutes of moderate-intensity PA, reflected as 3-6 METs (kJ/kg/h) per day (min/d). The MET was used to measure exercise intensity; one MET corresponds to 3.5 mL O 2 /kg/min oxygen uptake at rest and it is 4184 kJ/kg/h. The measurement of PA was conducted over 14 h/day, on average, for seven consecutive days, using Actigraph GT1M. This fulfilled the accelerometer wear-time required to obtain a reliable estimate of PA in older adults [30] . Participants placed the Actigraph in the small pocket of the elastic belt that they wore positioned near their right iliac crest. The belts were only removed during water exercises and before going to bed. To minimize the potential influence of participant's reactivity and to be sure that PA measurements were more objective, participants wore the Actigraph for 8 days (≥10 h of wear time a day), although the first day's readings were not considered in the analysis [31] . The time sampling interval was set at 60 s epochs. In this study, the accelerometer output in counts per minute (cpm) was derived using adult population cut-offs. The intensity ≥1952 cpm corresponded to moderate-to-vigorous PA [31] . Non-wear time was defined as ≥60 consecutive minutes of zero activity counts, allowing interruptions of counts above 0 for two minutes. In order to establish the Activity Factor (AF) of participants from the CG, a validated International Physical Activity Questionnaire (IPAQ) was filled out.
Body Mass and Composition Evaluation
After an overnight fast and a minimum of 3 days without alcohol consumption, each participant reported to the laboratory in the morning for body mass evaluation and blood analyses. The evaluation of body composition, basal metabolic rate (BMR,) and adipose tissue content was performed by multifrequency bioimpedance analysis (MF-BIA) using the InBody 720 (Biospace Co., Ltd., Seoul, Korea). MF-BIA is a useful and convenient substitute for computed tomography in measuring VFA (cm 2 ) [32] . The body mass index (BMI) was calculated using the following formula (BMI = body mass/height = kg/m 2 ). The total daily energy expenditure (TDEE) was calculated according to the commonly accepted model (TDEE = BMR × AF) [29] . The AF was determined based on the available indicator (high activity: 2.0; medium: 1.6; low: 1.4; and sedentary lifestyle: 1.2) [29] . Among body composition components, we determined the VFA, which was defined as a cross sectional area of visceral fat in the abdomen at the umbilical level (L 4 -L 5 ). An upper limit of 100 cm 2 was accepted for the VFA. Waist circumference (WC) was also measured. WC measurements were taken with an anthropometric tape (to the nearest 0.5 cm) at midway between the lowest rib and the iliac crest of the standing participant. The measurements were taken under laboratory conditions, according to the instructions of the manufacturer.
Biochemical Analysis
Fasting blood samples were collected in the morning (around 8:00 a.m.), after body mass analysis. Vacutainer tubes were used to determine the glucose, insulin levels, and lipid profile. Blood serum was separated using routine procedures and either processed immediately or kept frozen at −70 • C until analysis. The concentration of the total plasma cholesterol (tCh), high-density lipoprotein cholesterol (HDL-C), and triacylglycerol (TG) was enzymatically determined in duplicate using commercially available kits from Randox Lab (CH 201-tCh, TR 210-TG, CH 203-HDL-C, respectively). Concentration of low-density cholesterol (LDL-C) was calculated from tCh, HDL-C, and TG using the Friedewald equation [33] . The plasma glucose concentration was determined using the diagnostic kit GL (2623) from Randox Lab. Serum insulin (I) was assessed by an immunoradiometric assay using the IRMA kit (IM3210; Czech-Republic). The HOMA-IR (homeostatic model assessment of insulin resistance) was calculated as fasting serum I (mU/L) multiplied by fasting plasma glucose (mmol/l) and divided by 22.1 [34] . Blood C-reactive protein (CRP) concentration was assessed by an immune test, using a diagnostic kit (CRPL2 Cobas Integra 400/800) from Roche.
Statistical Analysis
Age, body mass, body composition, and biochemical variables were expressed as mean ± SD. Before using the parametric test, the assumption of normality was verified using the Kolmogorov-Smirnov test. A one-way ANOVA was used with significance designated at p < 0.05. When appropriate, a Bonferroni post hoc test was used to compare selected data. Data analysis was performed with Statistica 12 software (StatSoft, Cracow, Poland).
Results
The subjects' decision to join the U3A depended on their strong motivation to gain knowledge about pro-health behaviors. Dieting and nutrition courses (two semesters; 120 h) were provided by professionals from the Academy of Physical Education in Katowice. During this time, they also participated in physical exercise courses (Nordic walking, swimming, yoga, and gymnastics). After one year at the U3A, all participants were asked to prepare a 7 day dietary record to be analyzed in June. Daily diet compositions are presented in Table 2 . [29] ; they also had lower TEI than the CG (p < 0.05; Table 1 ). Significant differences in TEI (p < 0.05) and consumption of carbohydrates (p < 0.05), saccharose (p < 0.05), and protein (p < 0.05) were observed between the U3A group and the CG ( Table 2 ). The U3A group consumed a significantly smaller amount of sodium (p < 0.05) compared with the CG (Table 2) and it was higher than RDA [29] . Table 2 presents the blood lipid profile and insulin resistance biomarkers measured in the U3A group and the CG. Subjects in the U3A group had a higher mean level of HDL-C (p < 0.05) and lower mean levels of TG (p < 0.05), I (p < 0.05), glucose (GL, p < 0.05), and HOMA-IR (p < 0.05) than subjects in the CG (Table 3) . Table 3 presents the participants' body mass and compositions. Subjects from both groups had higher body masses and body fat percentages as well as greater VFAs, WCs, and BMIs.
Subjects in the U3A group performed at least 46.15 ± 5.12 min of PA per day with the intensity of 3-6 METs, which means moderate physical activity; this amounted to 323.05 ± 15.51 min per week. They had an average of 11,225 ± 156 steps/day. Subjects in the CG did not perform any PA per day and took an average of 2274 ± 325 steps/day. There were significant differences in TDEE between the groups (p < 0.05). 
Discussion
Our study included 106 women over 60 years old from the upper Silesia region of Poland. Sixty two of them were U3A students who volunteered for a one-year self-education program that included a course in nutrition (120 h). Forty four were not students of U3A and had no education in nutrition; this was the CG. In their nutrition course, the U3A group learned about the proper volume and frequency of meals and about the preferred foods healthy for individuals over the age of 60. Students were taught which food products were suitable sources of carbohydrates, fat, and protein and how often they should eat vegetables and fruits each day [35] . They also learned how to estimate their BMR and TDEE using the Harris-Benedict formula [29] . Our study was designed based on a cross-section methodology, and therefore the results were more prone to different biases, particularly the recall bias [36] . The results of this study suggest that despite the one-year nutritional education, subjects did not adhere to the healthy nutritional recommendations, which was indicated by the results of the 7 day nutritional analysis [6, 37, 38] . The data in both groups revealed several abnormalities in the U3A group with regard to the nutritional recommendations for this population [29] . There were no significant differences in the diet of the U3A group (who were well educated in nutrition) and the CG (who were not educated in nutrition). Subjects in the U3A group had an imbalance between their TEI and TDEE (Table 1) with an insufficient intake of basic macro and micronutrients [4, 29] . Participants from the U3A group explained that despite the acquired knowledge, they were not able to apply it in their lives. Some of them attributed this to the high cost of healthy food and a lack of culinary skills [4, 39] . Most of them explained that they lived alone and, therefore, had no motivation to cook for themselves or that they had so many other responsibilities that they had no time to go to the grocery shop or prepare meals [40, 41] . Single females in the U3A group reported that, despite the knowledge they gained, they could not give up eating sweets or drinking small amounts of alcohol in the evenings as it made them feel happier, calmer, and more relaxed [40] . All of them unanimously stated that they were unaware that putting their acquired knowledge into practice would be so difficult [40] . Before they started attending the U3A, they thought that if they gained knowledge about a healthy diet and lifestyle they could easily apply it in practice [39] . As conversations with them showed, the main factors inhibiting healthier lifestyle changes were psychological rather than physiological [13] . Our results confirm that a change in eating behaviors requires not only knowledge of nutrition or cooperation with a dietitian, but also psychological care and motivation [13] .
The diets of the elderly female students were not similar to the mixed diet recommended for this population [29] (Table 1) . Diets of U3A students differed from diets of those in the CG, who did not participate in the nutrition course. It is worth mentioning that the diet of our subjects was still very similar to a typical diet of the Upper Silesia region. The golden rule of the Silesian dinner is a two course meal and a dessert. The U3A group decreased the size of the portions they consumed, but still chose unhealthy products, similar to those in the CG. A typical Silesian diet is as follows: for dinner, beef or pork meat rolled with bacon, pork chops, or pork stew is served. The meals are always served with Silesian potato dumplings, greased with fat. After dinner, coffee and a portion of cake (track pie, cheese cake with poppy seeds and jam) are served, too. For breakfast and supper, boiled or fried sausages and pates with bread are served. Vegetables are rare in the Silesian diet.
Our U3A subjects consumed slightly more calories than what they required for their BMR [6, 29] and significantly less calories than their TDEE (p < 0.05) ( Table 1 ). The high TDEE resulted from the high daily physical activity measured by the Actigraph during the seven days preceding the visit of the studied women to the laboratory to evaluate their body mass and composition, as well as biochemical variables. However, such a high level of physical activity of participants was not considered when the experiment was designed. They were not in the process of active weight reduction. It can be speculated that wearing the Actigraph may have been an incentive for women to perform additional physical activity, although this is only a speculation, not supported by any evidence. Unfortunately, we were not able to assess their physical activity in a more objective way but using the Actigraph [2, 3, 11] . The carbohydrate (p < 0.05), saccharose (p < 0.05), and protein (p < 0.05) consumption were significantly different between the U3A group and the CG. Lower saccharose consumption by the U3A group could influence their significantly lower glucose (p < 0.05), insulin (p < 0.05), and HOMA-IR (p < 0.05) concentration. The U3A group consumed carbohydrates similar to the moderate carbohydrate diet [42] . The moderate carbohydrate diet (MCD) diet is recommended for patients with diabetes mellitus syndrome [6] . Most scientists confirm that carbohydrate-restricted diets improve serum HDL-C and reduce insulin and glucose concentration [42, 43] . Abnormal concentrations of these variables are well-recognized risk factors for diabetes and cardiovascular diseases [43] . The U3A group consumed high amounts of fat, which contributed to more than 40% of their total calorie intake. Our participants consumed mainly proinflammatory saturated fatty acids (SFA), which can be associated with their high CRP level [12] . Predominant consumption of SFA causes an increase in tCh, LDL-C, and TG [12, 44] . Our data are in agreement with previous studies conducted on a similar group of subjects that were characterized by a high level of body fat and an excessive BMI [45] . Furthermore, inadequate energy consumption and lower protein intake, 0.8 ± 0.01 g/kg.bm/d by women in the U3A group compared with 1-1.2 g protein/kg.bm/d for healthy elderly as recommended by the European Society for Clinical Nutrition and Metabolism, could influence their body composition [5, 6, 42, 43] . Inadequate protein consumption can increase the reduction of lean body mass [43, 44] . Liao et al. [6] reported that protein supplementation with PA, especially resistance training, promoted an increase in the muscle mass of older individuals.
Loss of appetite and consequently lower daily energy intake is often observed among adults [29, 45, 46] . Eating inappropriate amounts of fiber, PUFA, and MUFA, or excess SFA intake promotes inflammation in the intestines and capillaries and blood lipid disorders. Unfortunately, very often people limit the consumption of valuable products such as meat, dairy products, and whole grain cereal products, but at the same time eat high-calorie snacks or sweets [12] . Xu et al. [28] , while examining eating habits and obesity levels of Chinese adults, confirmed that a healthy balanced diet is essential in maintaining proper body mass and healthy aging. They analyzed data from 2745 elderly individuals using a 24 h recall over 3 consecutive days and concluded that modern dietary patterns included high intake of fruit, fast foods, and processed meat, what was associated with obesity. Similarly Shu et al. [47] , in a cross-section study of 2560 individuals aged 45 to 60, revealed that in both genders animal food consumption was positively associated with the BMI and WC, whereas traditional Chinese diet rich in rice, pork, and vegetables was inversely associated with BMI and WC. A balanced diet should contain mainly complex sugars, whereas simple and disaccharide sugars should not exceed 10% of all sugars consumed. Excess consumption of simple sugars and inadequate fiber consumption is associated with the development of dyslipidemia, obesity, and insulin resistance. As Richards et al. [48] reported, high sugar and lower protein consumption may lead to insulin resistance and lower cognitive function in older community-dwelling adults. Furthermore, in U3A, inadequate fiber (10.5 g/1000 kcal vs. 14 g/1000 kcal recommended) and high sacharose and lactose (Table 1) consumption are other factors affecting the tCh and LDL-C concentrations as well as a high VFA [3] . In the elderly, lower fiber consumption can decrease intestinal peristalsis and increase digestive disorders [6] . In addition to macronutrients, a very important part of a healthy diet is correspondingly low salt intake. Excess salt in the diet is a factor strongly exacerbating hypertension, especially in people who are overweight and obese. The positive difference between the U3A group and the CG was that sodium was significantly lower (p < 0.05) in the U3A group's diet [4, 6] . Low sodium consumption can decrease blood pressure and prevent hypertension [49] .
Inadequate protein consumption can decrease muscle mass and increase body fat stores [5, 6, 41, 42] . Our subjects, in both groups, had very high VFA levels (Table 1 ) of almost 50 cm 2 more than national recommendations (VFA > 100 cm 2 ) [28] . The VFA is a factor that significantly influences the lipid profile [2] . Appropriate amounts of protein in the diet promote decreases in fat content [12] . It has been proven that meals rich in protein provide satiety for a longer period compared with those that are high in carbohydrates or fat, allowing to avoid snacks [41] . Additionally, the thermal effect of proteins (compared with carbohydrates or fats) promotes fat reduction in overweight or obese individuals [50] .
A high level of the VFA also increases insulin resistance [2, 50] . Despite having large amounts of body fat in the abdominal area, and consuming high amounts of fat (Table 1) , participants in the U3A group presented an optimal level of fasting glucose and insulin and optimal HOMA-IR [9, 37] . The appropriate insulin and glucose levels were most likely associated with their relatively high level of daily PA [50] and low proportion of carbohydrates consumed in their diet (less than 50%) [12] .
High body fat mass distribution, specifically the VFA, may result in metabolic disorders like atherosclerosis, hyperinsulinemia, and inflammation [46, [51] [52] [53] . The VFA is correlated with cardiometabolic risk, even at a normal BMI, indicating the absence of obesity [54] . One of the inflammation markers is CRP [50] . In our study, we observed a high level of CRP in the blood (Table 2) , confirming a moderate state of inflammation [46, 50] . The high level of CRP in plasma and low vitamin C intake presented by our subjects could increase the generation of reactive oxygen species, which can promote the aging process [18, 50, 54] . The daily fat intake, with more than 50% coming from SFA in our participants, was excessive and reached a similar level as observed in Spanish [54] and French populations [55] . Another factor which can cause inflammation is inadequate consumption of vitamin D. Our subjects' diets did not supply sufficient amounts of vitamin D (Table 1 ). It is known that vitamin D reduces proinflammatory cytokine production and increases anti-inflammatory cytokine production [53] . It was found that obese individuals had lower levels of vitamin D in the blood compared with subjects with a normal body mass [56] . The reduced Vitamin D levels in individuals with a higher amount of adipose tissue may be a consequence of vitamin D sequestration in adipose tissue [56] . In the elderly, the reduced ability to synthesize vitamin D and a lower sunlight exposure increase the importance of providing an appropriate amount of vitamin D through the diet [18] .
PA is an invaluable factor for maintaining good health [22, 57] . Regular, moderate exercise can reduce body fat content and improve the lipid profile and insulin resistance [13, 30] . According to global health authorities, taking 10,000 steps per day, at a low or moderate intensity, is the minimum level of activity which improves physical and mental health [28] . Furthermore, the amount of time dedicated to PA, expressed in minutes, is important in preventing the development of civilization diseases [36] . Participating in 300 min of PA per week at moderate intensity is considered the minimum to maintain general health and fitness [56] . Our subjects performed at least 300 min of PA per week and averaged more than 10,000 steps per day. However, despite the high level of PA, our study subjects had abnormal levels of tCh and LDL-C and a larger VFA. Our results confirm that regular PA, without proper nutritional habits, is not a sufficient factor to maintain proper body mass and body composition and optimal lipoprotein levels [22] . For optimal health benefits, daily PA has to be supplemented with a well-balanced diet [57] .
In summary, our study shows that the annual nutritional education did not help respondents to solve the problem of improper eating behavior. Changing eating behavior resulted mainly from mental rather than physiological limitations of study participants [40] . Our results revealed that despite the high motivation declared by the participants, they were not able to overcome their own mental weaknesses. This indicates that during courses, in addition to nutrition education and dietary care, students should also have psychological education and mental care [40] . To increase the effectiveness of dietary educational programs such as the one prescribed in this research, scientists should use additional measuring tools to evaluate eating behaviors, such as the semiquantitative food frequency questionnaire (FFQ) [47] .
Limitations of the Study
Our study has some limitations, including a small sample size; the consideration of only female subjects; a lack of assessments across time, at least before and after the experiment. A further limitation of our study involved a lack of assessment of the levels of vitamins and minerals in the subjects' blood. However, despite these limitations, we do believe that our findings may constitute a platform for further examination of the influence of diet on the general health of the elderly.
Conclusions
A healthy, balanced diet and an appropriate amount of daily PA are essential elements of healthy aging. Excess fat consumption results in obesity and other metabolic diseases, primarily lipid profile disorders and inflammation. Participants got enrolled in the courses at the U3A with a strong motivation to gain solid knowledge about proper nutrition and healthy behaviors. Compared with the CG who did not attend the one-year nutrition course, the U3A group consumed inappropriate amounts of calories and had an imbalanced diet regarding macronutrients. However, proper sodium consumption was observed in the U3A group. The U3A group also had imbalances in their body composition and a larger VFA. Despite the fact that the study population was well educated about a healthy balanced diet, they did not follow the basic principles of healthy eating in their everyday life. 
